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SIJRVLYIIG AiG""'l 1,CAL M1EASURt'E~hNTS VVI H INLIM AL ROTAMnN SENSORS

I f ait idr-al' inertial rotati on tqno' I at i t d Ci~l U f .4 Z'j id s'pli1ac cu1 
Ct i, and it is l 0ijrfld with

it', inputt .t~i' I tVl I U0 tlvpl *t,h lt oell mieridian (tirLh1-'oithi). it wil MII uri0OI tile r'otation irte.

Ak," 4ere (I'( is I k660~&i'rrt 'io whi cia l" M0 putt~ ' .1AkZ eai day (,A b.'04 jiel second of Uie. 11.
the input aCit i is kept lc%,cl arid rvtatecd thristigi, o ril, lifgl e ..u that it j.. parallel to thke uquatorial loane

t-5(k t .t w Il Iaea.-.ki V 'I*( .t11 lol. I t I if I!t pte i ,i on o the en.snr js.-i, then tt re:;oliition

I ~de*iV, aI'o~atiot u'te en.'. ~t~* . .pi lseto 01 .~u L',od l) b mM-a.,ed to res ulvc azt muth

Vi'. Tli'w I i IncLt.h t,.tkes t ilt ('Iiitl aLaase &I-t' d ,ds onl tkie pvoecULJ. . a.&d t. eu are matay o.-
I lit i k . tinel int alicu, oiw lo0 n 1 ~dI*tatc inigbl .~~ aig null or two s:c' with ort-hogontal

lcUt itipii axes mlight. t ii i:te! ist -I"A ippid down"'cu ~kmco ii I micruproe--u.i to) calculate thein

or., [ , 'III fronn the ir'a o hha.. ) al~r lca.ntail iwi to all ow for a inu: ureton depends, onli. how good
Ih Ii rn-a urin c,,t must. be. For .. umt of tit, (.iouri-t1 o, anything rms'z' than a few miIIUt~s. night'be too
1, i:, wil Ie fr, V ai f est -idt. I g4L vdt. t i c Mi,,.111 Cat nat. %hi ch cutiveflttiAflii ly recitu i res two i ghts oif ste I I ar obseti

On# Pa'el at ik ey low adcurvacy .reqzi rLiment for' aizimuth asI hie measuremeunt of Muignet e dvccI aiaLiozi foi- te
1,08t ')f navigational char t I-. Ira i l: Cli iLou ~otd Stdttl-', til. e dcli riotion changpe., -eclllirlv by

I: "i at.u 31 Pce' year (6 pn*y.a in %a .La); iA Ltitopu the mirair atW .,, ab ~out 10' pet, year. Because
S ot lice change..,there is l ittl e v'ali Ilu~iin Oi tr 2ut nt rlh majre orcuroie I than I ' for- compass rose

ua)pl jat iens. The O.MA GSS (00fcn..c '1appirog Agency Geodetic Survey bqii.tjas, oa ,.4muth acti.ae.Iv lequi'eiterit for
7 thle eomvams rose is 1' to 2'. To arrive at, the declination of an airfield, say, individual dleclination deter-

in titInu' ins havl3 to be mad. a t mutI tipIe ,ri t cs beca u., o f' l ocalI magnetLi c afomal i t-,. Emich determination consists
ofi a rucaurcment of true north and titagnetic north,, aiid thf. magnetic ntht Measurement is much the easier one.
I ,i-ig inertial rotatio se nsors,, these r~ uei~aacould be conivfnicril~y done by an ttiki Iled surveyor using
aI "black box" device. At the 1' to 2' level, inertial azimuths arc mucht mote xt.-iable than maurnetic,azimuths,
o. if a surveying instrument could be produced slileb meaisures inertial azi auth rapil andacurately

vnough to cfifiete with a ffignetic compass, it would ha.e manny uselui application!, for recotnhaissance-surveys.

A surteying instrument which mecasures aimutha %ith at, accuraiy of 5" would have further applications. It
could he used for mine surveying; 'it could be used for aligning the guidance system of a slioit range attack-
missile; it could be used for' aligning aircraft ntavigatiolads(g. S and V );and it could be usedM
with clectionic distance measurinq equip'ierat for making eccentric ties, for example, tying the top 6f .6 hill
to a valley geodetic control point which has been es tablished by saitellite Doppler oir inertifal positioning

,J nurveys.

A .surveyinig intuetwhich measures azimuth with anr accuracy of I" or better would be of treat value to
goodesists. For the 6SS, first-.order geodetic surveys have azimuth accaracies of l'.0 'to 1.15 and second -order
survcys have accuracies of iV5- to IM'7 The most accurate astronomnic azimuth that tire GSS can-now measure,
arid it requires grat; etffot, is O'07. A~t the Advanced Inertial Test Laboratory of the Central Inertial
duidafice Test Facility at flolloman AFB, the azimuth requirement for 1987 is 0.2. With higher- accuracies, the

~ L iimeasuremrents become more difficult and more subject to cualtural and geophysical disturbances.

Starveyl ngAppIi cati onri: - Ast r-nomi c-LaU tude

1The hng] e between the earth's rotati-un vector and its projection onl the local level is the astronomic
latitude. An inertial sensor with precision Aa could be mechanized to resolve astronomic latitude to 4 (/ce
radians. T'he difference between the astronomic latitude and the geodetre latitude is the meridional deflec
tion of the vertical, an angle that can attain 30", (equivalent to 925 M) in a few regions. Polar explorers
measured the astronomic latitude to find the North and South Poles but,. because of *he variable deflect.ion ofrthre %.ertical, -there is Ilittle requirement. by most surveyors for i.strunomic latitude. Astronofnic latitude isi
pirincipally of interest only to physical geodesismts, gtivp~iyihts and astronomers. Gudesi.-tb c an measure

j a'itro~nomic latitude with an accuracy of OV'3, but there are needs for easier or more ac-curate ways of deter-
45 ~,mining astronomic latituide. Along, thtr high speed test tratck at fbio lonran APB, for example, astronomic posi-

tions (latitudes and longitudes) and their corresponding deflections of the vetical are accurate to O63; the
requirement for 1§87 is 0ol. DmA and the Air Force Geophysics .. ibor'ator are now sunporting a research and

Ideve-lopment program to bu ild a two color refractometer that wilt be able to measure astronomic refraction to
61.1. Our goal is to be able to compensate for ati-.ronomic r-efraction in astronomic position measutrementsi,0

especially for measuring astronomic latitude. Such an instrument wotuld probably not bt, needed if we could

I ~Geooh sicalApp il i (ions :. Polar Moti on1* ~~The earth's Pole of' rotation wobbles, nutatcs, preee ,sma-.rnd wamdes(2 andtee oin aeostral

by optical astrometry, lunar and artificial satellite laser rnanginrg and V1.13l ('.ery.;;1ng ba!,eline inter.-
ferormtry). Geophysicist.,; arc particularly interested in, the wobble arid notation because their character-
i0tics (e.g. thre wobble spectrum and nutation ampl itudes) provide us informuation concerning the eiarticity

I Of iheicarth'; mantle and fluidity of the earth's core. sufficiently sensitive inertial rothtion sensors
'cold be used to measure polai motion by tracking azimth anid astronomic latitude from one or more fixed
9-qphysical observatories,
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Miero inertijal rot atiun senlsors might best contribute is in steasuri np the wobble whose speetrum has it,
sharp peak at 121 nonths (annual wobble) and aI broad peak centered at 14'~ moatli (ChandlIer wopbble) the w'obb I .

ampi I We runs Lo about 0V3. A more di fficult goatl tina d he to measurve the inear diurnal nut a ion which hias
-inl aml)Iit ude of 0t,. 01. 'thle be.'it s)Lcvnt u tiap pir .jli i k V1.5; wli i liI likely wM %(. on have' u I epo itton inzg

W ~capabiItty of' about 0'.*003. '1o iratcl (lie VIAbI Capab iity , an1 Inulrtial ltaition ':ui'.,ot 1%,ald ha;ve to be
proc i .e to about 10'8 iial.

A~t 10- FRU there are it number of di ff1 en t it-, to overcome in separating krii p tar motiofis froft) app:rent
polar not ions which are cauzsed byv local oft'ecta ird'I01ItepeR h l the intret iat
mi ghit rota itc. At it Maks.%achiset ts inertiaul cuoien t t c;ii t4 facility tile a:ii- iotlloalei azimauth of' I referencec
cUbe onl a pier anchored to bedrockt wa:, ob'zez'ved to var'y withI as annual pet i od, a ('ow months out. of phatse -from
the mean annual air teprtr.Thlt aninual range was abuut 5'". 'The rot at i on has been ascribed to therm:alI
and insolatioln effects o1' the local topography and thle hauild ig. I f thle otr 2 can he set in a1 deep vaulit sb
that lt does noat, rotate s igni ficant ly with re'.ovet to the sur-roundinzg 1.l-A, then the whole region ffiight;,

-4rotate sedularly; a rottitioh of at 1 as O003 per year is geophy-sical iy quite admi satbie anid, inl Some loea=
tions, very liltely.

Any periodic or transient local tilting about at; vast-west axis appears to the se:%or as a component of-
rot1ation perpendicular to the earth 's rotation pole; tile signal is identical ti) that of' at temporal change in-.
azmuth. For thc periods of interest the tilt rate of' the sen'ior platform mast either be kept less than 10 8
tRV or it mlust be monitored thai precisely. Semidiurnal tidal tilts of thaeurth~s crust have rotation rate
of the order of ctagnitude 10-7 MI. A meaisurement of tilt relates the surface of a pier or Olatfovih to 'tile
vertical, but thre vertical varies at tidal periods with respect to thle moan vertical which is the 'required-,
reference for relatinmg to inertial space. The semidiurnal vertical variationh are ailmost as lirge-as threir
corresponding tidal tilts but they are of opposite phase. Dliurnal vertical variations are ml~host as largeI ~ii's senidiurnal vazritions, but diurnal tilts aires relatively small. Neither the tidal tilts nor-the vertical
Variations -are easily predictable, especiailly near the coast where t06 ocean tide.- result in periodic loirding
aid fle.'dng of thle eiust and mass attractr~n variations. only thle very best tilimeters in thle bes. instaifllaZ
tiohs can mrginally measure diurnal and semidiurnal tilting with a priecision-of 10B ERt. the diurnal 'andLI sebidiurnal variations can be measured st'roffitricallr, but fiot to l0';O ERt).

Because of tidal Oroblems, ificitsuring-nea'r diurnal r'utations with inertiail senrsors appears infeasible.i
.1everthelesg, with uftt'icnt care, and a W8"' Ft) rotation sensor, measuring the annuial wobble and Chandler
wobble with 0.1%~ resolution appears feasible.

Otfier GeopbvsieMl Aflnlicationg

meauremenimof tilt plus Verti'-al variation pltus nutation from inertial rotation sensors can give vertical
variation plus nutation. There is no semidiurnal nutation, so the semidurnal vertical i ariation could -be

6 -6ve, k bst o bot10% 10-8il sonh able to measure'the length-of at
0. n.Froeday,wek. that is 10"~9 ERt); and for one year that is 3 x 1012RU

Anietalrttonsno with a vertical inout axis would have to resolve roughly 10- 11 ER) to detect
tbriohl sismc mdescauedby rajor earthquakes. I inVite your suggestions of any applicationis thit i

rnm have overlooked.ii torsional tat I cafi thi knowiltlredtltmetrstit

I thankDr. Gerry Cabaniss, Mr. Robert Grhy and Ciipt. James Shearer' or AFGL and Mr. Hlarry Harris of DM'-A
6S§ for informative discussions and background material.
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